The voltammetric behavior of wheat-germ agglutinin (WGA) on a chitin-modified carbon-paste electrode (CPE) was investigated using glucose labeled with an electroactive compound. WGA usually consists of two subunits, each with two binding sites for sugars. WGA was immobilized on the electrode surface by selective binding to a N-acetylglucosamine residue of chitin. Because glucose also combines with WGA, the glucose was coupled with electroactive daunomycin to evaluate the binding. When a WGA-labeled glucose complex was formed, the electroactive moiety became electroinactive. The binding caused a decrease in the peak current of the labeled glucose. In a measurement of only daunomycin used as a label, the peak current in a solution with WGA was similar to that in a solution without WGA. Therefore, it is clear that the labeled glucose was held in the remaining binding site of WGA on the electrode surface. Thus, a CPE modified with chitin would be powerful as a reaction field between sugar and lectin.
Introduction
Cell membranes consist mainly of a lipid bimolecular substance, a protein channel, globular protein, glycoprotein and glycolipid. Antibodies, hormones and enzymes recognize the specific sugar chains of glycoprotein and glycolipid on the membrane. This binding process contributes to information transfer in vivo and controls life activity. [1] [2] [3] The terminal of the sugar residue is either glucose, galactose, mannose or N-acetylglucosamine. Lectin, which is one of the proteins, binds to a sugar chain. 4 Based on these properties, cell-to-cell adherence and the agglutination of cells takes place. Lectin is convenient to handle and commercially available; thus, it has been widely used in protein-sugar chain binding studies.
For example, Nacetylglucosamine and glucose are held to the sugars in the binding site of wheat germ agglutinin (WGA). WGA usually has two binding sites per subunit, and forms a dimer in a neutral solution. For studies of WGA-sugar binding, comparisons of modified supports on the base of glycoprotein interaction studies and adsorption investigations have been carried out. 5 The transport characteristics of WGA-modified insulin liposomes and solid lipid have also been investigated. 6 Kesherwani et al. reported the differential activation of macrophages in vitro by lectins. 7 In addition, a lectin binding pattern in meningiomas of various histological subtypes was examined. 8 Functional biomaterial can be either a substance that can come in contact with a cell, or it is a compound that has been taken from a living body. These materials have high biocompatibility, and are not harmful to the environment. Representatives of these materials are titanium, ceramics, cellulose, acrylic resin and chitin. Chitin is a polysaccharide that consists of b-1,4 Nacetylglucosamine residue. In the fields of medicine and engineering, this material can be used for artificial skin and as a food additive. Recently, Goodrich et al. made a specific surface area measurement for a-chitin nanocrystals prepared from shrimp shells and their specific surface area measurement. 9 In addition, an elucidation of the biosynthesis of chitin filaments and their configuration with specific proteins was attempted by electron microscopy. 10 The characterization of (aminoethyl)-chitin/DNA nanoparticle for gene delivery was also examined. 11 Carbon-paste electrodes (CPEs) have had many applications: for use in electrocatalysis for nicotinamide adenine dinucleotide, 12 in the electroanalysis of tryptophan 13 and as a L-glutamate biosensor. 14 A feature of CPEs is that a property of modifier is expressed by mixing with a binder and carbon powder, and the background current at the electrode is low. Several biomaterials have potential as modifiers for CPEs. For example, the determination of rutin was carried out with epichlorohydrin/chitosan-modified CPE. 15 Our group previously reported the detection of silver ion using a CPE modified with keratin. 16 In this study, the immobilization of WGA on a chitin-modified CPE was investigated using a voltammetric procedure. Because WGA combines with N-acetylglucosamine residue on a chitin surface, a WGA/chitin-modified electrode was constructed using the molecular-recognition function (Fig. 1) . First, a measurement of only daunomycin was carried out using a WGA/chitin-modifed electrode. After the electrode modified with chitin was immersed in a solution with WGA, it was transferred to a solution without WGA, and was incubated in a solution containing daunomycin. As a result, the electrode response of the daunomycin in the presence of WGA was 584 ANALYTICAL SCIENCES MAY 2008, VOL. 24 similar to that in the absence of WGA. On the other hand, the immobilization of WGA on the CPE was confirmed by glucose labeled with an electroactive compound. Because the labeled glucose was held at the remaining binding site of WGA on the electrode surface, the electrode response of the labeled glucose decreased. Herein, the voltammetric behavior of WGA on a glassy carbon electrode covered with chitin film is reported. 17 Evaluating the WGA-sugar binding to the CPE was more convenient than that of the glassy carbon electrode. Furthermore, the sensitivity of the labeled glucose improved with the CPE.
Experimental

Apparatus
A Bioanalytical Systems Inc. (BAS) CV-50 voltammetric analyzer was used for all measurements. A CPE (BAS 11-2210) was the working electrode. A platinum counter electrode and an Ag/AgCl reference electrode (Model No. 11-2020, BAS) were used. All potentials were measured against the Ag/AgCl electrode.
Reagent
Daunomycin and glucose were obtained from Wako Pure Industries. WGA, soybean agglutinin (SBA) and concanavalin A (Con A) were purchased from Sigma-Aldrich. A commercially available chitin powder (Funakoshi Co., Ltd., Japan) was successively washed with a 1 M hydrochloric acid solution, distilled water and ethylalcohol. Then, it was kept at 40˚C for 24 h in a vacuum oven. This procedure was carried out to remove any impurities in the chitin powder. Graphite powder was purchased from Tokai Carbon Co., Ltd. An acetate buffer of 0.1 M with acetic acid of 0.1 M and sodium acetate of 0.1 M was used as the incubation solution and the supporting electrolyte for electrochemical measurements. High-quality nitrogen was used for deaeration. Other reagents were of analytical reagent grade.
Preparation of labeled sugar
The structure of the labeled glucose is shown in Fig. 2 . Daunomycin was selected as an electroactive compound. To obtain a labeled glucose, daunomycin and glucose were bound by a Schiff-base reaction in a 0.1 M phosphate buffer. The isoelectric point of WGA, which had a selective binding site for glucose, was 9. Galactose, which combines with soybean agglutinin (SBA), was labeled by the same procedure for a comparison with the binding between labeled glucose and WGA. The isoelectric point of SBA is approximately 6, which is lower than that of WGA.
Preparation of chitin-modified electrode
Graphite powder (95 mg) was added to chitin (5 mg) together with about 60 ml of the binder (di-n-octyl phthalate or nujol), and mixed well with a pestle in a mortar and pestle. Part of the paste was used to fill in the top of the CPE, and the surface of the electrode was smoothed with a charta. The electrode used had an active surface area of 0.05 cm 2 .
Procedure
The chitin-modified CPE was immersed in a 0.1 M acetate buffer (pH 5.6) with WGA. Then, the electrode was transferred to a 0.1 M acetate buffer (pH 5.6) without WGA and incubated in a solution containing labeled glucose. After the solution was deaerated using nitrogen, the potential was scanned from 0.30 to -0.70 V in the negative direction using differential pulse voltammetry (pulse amplitude, 50 mV; pulse interval, 1 s; scan rate, 5 mV s -1 ). 
Results and Discussion
Voltammograms of labeled glucose on a CPE modified with chitin
Voltammograms of labeled glucose on the electrode are shown in Fig. 3 . Either di-n-octyl phthalate or nujol was used as a binder for preparing the paste. Measurements of 5 ¥ 10 -8 M labeled glucose were carried out after a potential of 0.30 V was applied to the electrode for 5 min. As a result, a peak, due to the reduction of the hydroxyl group in the daunomycin moiety, appeared at -0.45 V. The peak current at the electrode with di-n-octyl phthalate was twenty-fold higher than that at the electrode with nujol. This suggests that the conductivity of the di-n-octyl phthalate was higher than that of nujol. Therefore, di-n-octyl phthalate was adequate in these measurements. Next, the interaction between labeled glucose and WGA was investigated at the electrode (Fig. 4) . To immobilize WGA on the electrode surface, WGA of 1 ¥ 10 -7 M was added to the solution. The peak current was decreased to 50% compared to the solution without WGA. In the solution with 2 ¥ 10 -7 M WGA, the peak current became 10% of that without WGA. In contrast, the peak current of daunomycin used as a label in the presence of WGA was similar to that in the absence of WGA. It is clear that the interaction between daunomycin and WGA was small. Therefore, labeled glucose was held at a binding site that was not used for the immobilization of WGA on the electrode (Fig. 1) . When the electroactive moiety of the labeled glucose was covered with WGA, the labeled glucose became electroinactive. Consequently, the peak current of the labeled glucose decreased with increasing the amount of WGA immobilized on the electrode surface. The advantage of this method was that the WGA structure was barely changed by immobilization.
The peak current of the labeled glucose with respect to the concentration was linear in the range 2.5 ¥ 10 -9 and 5 ¥ 10 -7 M. The relative standard deviation of the peak current of 5 ¥ 10 -8 M labeled glucose was 4.7% (n = 5). The detection limit for the labeled glucose estimated from three-times the standard deviation (3s) was 1 ¥ 10 -9 M. The sensitivity of this electrode was improved by more than forty-fold compared with that of the electrode covered with chitin film.
On the other hand, WGA was detected by a decrease of the peak current. The calibration curve of WGA was linear between 5 ¥ 10 -9 and 2 ¥ 10 -7 M (Fig. 5) . Its reproducibility (RSD) at 2 ¥ 10 -7 M WGA was 4.0% (n = 5).
Effect of the amount of chitin
The effect of the ratio of chitin to graphite powder on the peak current is shown in Fig. 6 . The peak current decreased with an increasing amount of chitin by as much as 2.5%, and was stable in the range of 3 to 7%. The decrease of the peak current depended on the increase of N-acetylglucosamine moieties on 5 Calibration curve for WGA. The modified electrode containing 5% chitin and 95% graphite powder was immersed for 60 min in a 0.1 M acetate buffer (pH 5.6) with WGA. Next, the electrode and 5 ¥ 10 -8 M labeled glucose were incubated for 60 min in a 0.1 M acetate buffer (pH 5.6) without WGA. After a potential of 0.3 V was applied to the electrode for 5 min, measurements were carried out using DPV. the CPE surface. In addition, the immobilization of WGA was due to equilibrium between the solution and the electrode surface. On the other hand, the peak current was unstable at chitin levels above 7.5%. This was because an increase in the amount of chitin hindered electron transfer in the CPE. Therefore, the measurements were carried out using an electrode containing 5% chitin. Figure 7 shows the relationships between the immobilization time of WGA and the peak current at the electrode. The peak current exponentially decreased as the immobilization time increased. There was no decrease in the remarkable peak current value over 50 min. In contrast, a decrease in the peak current was slightly observed when a measurement of only daunomycin was carried out. This was because of the unique binding properties between the N-acetylglucosamine moiety of chitin and WGA on the electrode surface.
Dependence on the immobilization time
Binding between labeled galactose and SBA on a CPE modified with chitin
To examine whether WGA had combined with chitin, the binding between galactose labeled with daunomycin and SBA was investigated using molecular recognition on the CPE. The modified electrode was immersed for 60 min in a 0.1 M acetic acid-0.1 M sodium acetate (pH 5.6 or 7.0) with SBA. Next, the electrode and 5 ¥ 10 -8 M labeled galactose were incubated for 60 min in a 0.1 M acetic acid-0.1 M sodium acetate without SBA. The pH of the solution without SBA was the same as that with SBA. After a potential of 0.3 V at pH 5.6 or 0.1 V at 7.0 for 5 min was applied to the electrode, measurements were carried out using DPV. When SBA (pI 6.0) and an acetylamide group of chitin were protonated in a 0.1 M acetate buffer (pH 5.6), the peak current of labeled galactose decreased slightly (Fig. 8(A) ). That is, the electrostatic immobilization of SBA on the chitin surface was difficult to accomplish. In contrast, the immobilization of SBA in a 0.1 M acetic acid-0.1 M sodium acetate at pH 7.0 was achieved by an electrostatic interaction. The peak current decreased with increasing concentration of SBA (Fig. 8(B) ). If the immobilization of WGA (pI 9) on the chitin surface was due to the electrostatic interaction, the peak current of the labeled glucose in a 0.1 M acetate buffer (pH 5.6) would not change. However, a decrease in the peak current at the electrode was observed. It was clear that selective binding between N-acetylglucosamie and WGA took place. This method can be applied to several lectins that combine with Nacetylglucosamine residue. Thus, the modification of a lectin on a chitin surface has a new potential as a reaction field between biomolecules.
Conclusions
In this study, voltammetric behavior of WGA on a CPE modified with chitin was investigated. WGA was immobilized on the electrode surface via binding between WGA and Nacetylglucosamine residue of chitin. The binding was evaluated using glucose labeled with daunomycin. On the other hand, it was found that the peak current on the electrode with di-n-octyl phthalate was twenty-fold larger than that with nujol. The procedure can be applied to the monitoring of protein that recognizes the N-acetylglucosamine residue of chitin. In the future, an electrode should be designed for the evaluation of the binding between protein and the ligand.
